United States Patent o9
Chu et al.

BRI

US005079169A
111 Patent Number: 5,079,169
Jan. 7, 1992

{457 Date of Patent:

[54] METHOD FOR OPTICALLY
MANIPULATING POLYMER FILAMENTS

Steven Chu, Stanford, Calif.; Stephen
J. Kron, Cambridge, Mass.

The Regents of the Stanford Leland
Junior University, Stanford, Calif.

[75] Inventors:

[73] Assignee:

[21] Appl. No.: 528,316

[22] Filed: May 22, 1990

[51] Int. CLS wooooeeeeeene. GOIN 21/76
[52] US.CL 436/172; 436/174;

356/36; 435/6; 250/261 R
[58] Field of Search .........ccccoevreeneee 435/6; 436/174;
435/174; 536/26, 27, 28; 356/38, 37, 36;

250/251, 361 R

[56] References Cited
U.S. PATENT DOCUMENTS

3,710,279 12/196% Ashkin .
3,808,432 8/1972 Ashkin .
3,808,550 4/1974 Ashkin .
4,327,288 4/1982 Ashkin et al. .

4,818,681 4/1989 Dattagupta ....cocovvrirernncnniuenins 435/6
4,893,886 1/1990 Ashkin et al. .

4,897,444 1/1990 Brymeset al. .cveevenncnnns 435/23
4,939,360 7/1990 Sakai ..o 250/251

OTHER PUBLICATIONS

Optical trapping, cells manipulation and robotics, Neag-
ley et al., 1/1989.

Ashkin, A., “Applications of Laser Radiation Pres-
sure,” Science, vol. 210, No. 4474 (1980).

Ashkin, A., “Acceleration and Trapping of Particles by
Radiation Pressure,” Phys. Rev. Lett., vol. 24, No. 4
(1970).

Ashkin, A. “Trapping of Atoms by Resonance Radia-
tion Pressure,” Phys. Rev. Lett., vol. 40, No. 12 (1978).
Ashkin, A. et al.,, “Optical Trapping and Manipulation
of Viruses and Bacteria,” Science, 235:1517 (3/87).
Ashkin, A. et al., “Observation of Radiation-Pressure
Trapping of Particles by Alternating Light Beams,”

nonspherical particles using optical levitation,” App.
Optics, 19:5 (3/80).

Ashkin, A. et al,, “Optical Trapping and Manipulation
of Single Living Cells Using Infra-Red Laser Beams”,
Ber Bunsenges Phys. Chem., 93:254-260 (1989).
Ashkin, A. et al.,, “Internal cell manipulation using in-
frared laser traps”, Proc. Natl. Acad. Sci. USA,
86:7914-7918 (10/89).

Ashkin, A. et al., “Observation of a single-bead gradi-
ent force optical trap for dielectric particles,” Optics
letters, 11:288 (5/86).

Ashkin, A. et al., “Optical trapping and manipulation of
single cells using infrared laser beams,” Nature,
330:24/31 (12/87).

Ashkin, A. et al., “Stability of radiation-pressure parti-
cle traps: an optical Earnshaw theorem,” Optics Let-
ters, 8:10 (10/83).

Berns et al., “Use of a laser-induced optical force trap
to study chromosome movement of the mitotic spin-
dle,” Proc. Natl. Acad. Sci. USA, 86:4539-5453 (6/89).
Bjorkholm, J. E. et al,, “Observation of Focusing of
Neutral Atoms by the Dipole Forces of Resonan-
ce-Radiation Pressure,” Phys. Rev. Lett.,, 41:20
(11/78).

Block, S. M. et al, “Compliance of bacterial flagella
measured with optical tweezers,” Nature, 338:6215
(4/89).

Bussery, B. et al., “Potential Energy Curves and Vibra-
tion-Rotation . . .,” J. Molec. Spectro, 113:21-27 (1985).
Chu, S. et al,, “Experimental Observation of Optically
Trapped Atoms,” Phys. Rev. Lett., 57:3 (7/86).
Dunlap, D. D. et al., “Images of single-stranded nucleic
acids by scanning tunnelling microscopy,” Nature, vol.
342 (11/89).

Smith, S. B. et al., “Observation of Individual DNA
Molecules Undergoing Gel Electrophoresis,” Science,
243:203 (1/89).

Pool, R., “Laser-Cooled Atoms Hit Record Low Tem-
perature,” Science, 241:1041 (8/88). :

Tadir, Y. et al., “Micromanipulation of sperm by a laser
generated optical trap,” Fertility and Sterility, 52:5

54:12 (3/85). (11/89).
Ashkin, A. et al, “Optical Levitation by Radiation Tadir, Y. et al,, “Force generated by human sperm
Pressure,” App. Phys. Lett., 19:8 (10/71). correlated . . .,” Fertility and Sterility, 53:5 (5/90).
Ashkin, A. et al., “Observation of light scattering from Wilchek, M., “The Avidin-Biotin Complex in Bi-
110
\ / 14 7]
] \
N e |
102
N NH ? 100
¢ N—p—
n ] 95
o

\////////////\




